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Abstract 
Context and Motivation: The notion of goal and goal models is ideal for the alternative systems. 
Goal models provide us different alternatives during goal oriented requirements engineering. 
Question/Problem: Once we find different alternatives, we need to evaluate these alternatives to 
select the best one. Ideas: The selection process consists of two main parts. In first part of the se-
lection process among alternatives, we will use techniques in which we establish some evaluation 
criteria. The evaluation criteria are based on leaf level goals. Stakeholders are involved to contri-
bute their opinions about the evaluation criteria. The input provided by various stakeholders is 
then converted into quantifiable numbers using fuzzy triangle numbers. After applying the defuz-
zification process on fuzzy triangle numbers we get scores (weights) for each criteria. In second 
part, these scores are used in the selection process to select the best alternative. Contribution: The 
two steps selection process helps us to select the best alternative among many alternatives. We 
have described the process and applied it to “cyclecomputer” selection case study. 
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1. Introduction 
'HFLVLRQPDNLQJSURFHVVLVDERXWWKHVHOHFWLRQRIEHVWRSWLRQDPRQJDOOWKHDOWHUQDWLYHV,QDOPRVWDOOGHFLVLRQ
PDNLQJSUREOHPVZHKDYHPXOWLSOHFULWHULDIRUVHOHFWLRQDPRQJWKHDOWHUQDWLYHV7KHSUREOHPVLQYROYLQJPXO
WLSOHFULWHULDDUHFDOOHG0XOWL&ULWHULD'HFLVLRQ0DNLQJ0&'0SUREOHPV'HFLVLRQPDNLQJFDQEHFKDOOHQJLQJ
EHFDXVHRI FRQIOLFWLQJ VWDNHKROGHUV LQWHUHVWV WKHUH LV WKHXQFHUWDLQW\DQGYDJXHQHVVRI VHOHFWHGFULWHULD7KHUH
PD\EHGLIIHUHQWFULWHULDEXWVRPHDUHPRUHLPSRUWDQWWKDQRWKHUVDQGWHQGWRGRPLQDWHWKHGHFLVLRQ>@,QJHQ
HUDOIX]]\VHWWKHRU\LVDGHTXDWHWRGHDOZLWKPXOWLFULWHULDSUREOHPV>@
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,Q*RDO2ULHQWHG5HTXLUHPHQWV(QJLQHHULQJ*25(WKHUHLVDJUHDWHPSKDVLVRQDOWHUQDWLYHV\VWHPSURSRV
DOV*RDOUHILQHPHQWVKHOSXVLQILQGLQJDOWHUQDWLYHVDQGGXULQJUHTXLUHPHQWVHODERUDWLRQSURFHVVPDQ\DOWHUQD
WLYHVDUHFRQVLGHUHG7KHTXDOLWDWLYHDQGTXDQWLWDWLYHDQDO\VLVRIWKHVHDOWHUQDWLYHVKHOSVWRFKRRVHWKHEHVWRQH
,QDOWHUQDWLYHVHOHFWLRQZHKDYHWRGHFLGHDERXWWKHEHVWRSWLRQDFFRUGLQJWRVWDNHKROGHUVQHHGV
,QWKHFRQWH[WRI*25(ZHQHHGWKHVXSSRUWDQGPHWKRGRORJ\IRULGHQWLI\LQJDQGPDQDJLQJWKHFULWHULDIRU
DOWHUQDWLYH¶VVHOHFWLRQSURFHVV)LQGLQJWKHFULWHULDEDVHGRQ*25(UHTXLUHKLJKOHYHOJRDOVWREHDQDO\]HGWLOO
OHDIJRDOVDUHDFKLHYHG LH UHTXLUHPHQWV7KHVH OHDI OHYHOJRDOVKHOSXV LQHVWDEOLVKLQJ WKHFULWHULDZKLFKDUH
XVHGLQWKHVHOHFWLRQSURFHVVDPRQJDOWHUQDWLYHV7KHFULWHULDDUHEDVHGRQVWDNHKROGHUVQHHGVDQGSUHIHUHQFHV
DQGWKHUHIRUHVWDNHKROGHUVRSLQLRQVQHHGWREHLQYROYHGLQVHOHFWLRQSURFHVV,WKHOSVWRLGHQWLI\WKHLPSRUWDQFH
RIUHTXLUHPHQWDFFRUGLQJWRVWDNHKROGHUVXQGHUVWDQGLQJVDQGQHHGV%DVHGRQWKHVHFULWHULDZHDSSO\TXDOLWDWLYH
DQGTXDQWLWDWLYHUHDVRQLQJWHFKQLTXHVIRUWKHVHOHFWLRQRIDOWHUQDWLYHV\VWHPSURSRVDOV
7KHJHQHUDOSURFHGXUHRIVHOHFWLRQDPRQJDOWHUQDWLYHVFRQVLVWVRIWKHIROORZLQJVWHSV
)LQGLQJDFFHSWDQFHFULWHULD
,QYROYLQJVWDNHKROGHUVRSLQLRQV
)LQGLQJVFRUHVRIHDFKFULWHULD
(YDOXDWLQJDOWHUQDWLYHVEDVHGRQDFFHSWHGFULWHULDVFRUHV
0DNLQJDVHOHFWLRQ
,QWKLVSDSHUZHFRQVLGHUWKHFDVHVWXG\RIVHOHFWLQJRQHDPRQJIRXUDOWHUQDWLYHVRI³F\FOHFRPSXWHU´:HXVH
*25(WRH[SORUHDQGHVWDEOLVKWKHDFFHSWDQFHFULWHULD7KHDFFHSWDQFHFULWHULDDUHWKHQSULRULWL]HGEDVHGRQWKH
VWDNHKROGHUV LQWHUHVWV IRUGHWHUPLQLQJZKLFKRI WKHVH DUHPRUH LPSRUWDQW WKDQRWKHUV ,W VHUYHV WZRSXUSRVHV
ILUVWLQYROYLQJWKHVWDNHKROGHUVRSLQLRQVLQVHOHFWLRQSURFHVVDQGVHFRQGILQGLQJWKHUHODWLYHLPSRUWDQFHRIWKHVH
FULWHULD7KHRXWSXWLVWKHQJLYHQDVLQSXWWR7HFKQLTXHIRU2UGHURI3UHIHUHQFHE\6LPLODULW\WR,GHDO6ROXWLRQ
7236,6ZKLFKVHOHFWVWKHEHVWDOWHUQDWLYHDPRQJWKHFDQGLGDWHV
7KHUHPDLQGHURIWKLVSDSHULVRUJDQL]HGLQWKHIROORZLQJVHFWLRQVQH[WVHFWLRQJLYHVWKHOLWHUDWXUHUHYLHZRQ
WRSLFVXVHG LQRXU DSSURDFK6HFWLRQGHVFULEHV WKHSURSRVHGPHWKRGRORJ\6HFWLRQ LQWURGXFHV WKH ³F\FOH
FRPSXWHU´SURMHFW DQGJLYHVGHWDLOV RI LPSOHPHQWLQJSURSRVHGPHWKRGRORJ\ IRUPHQWLRQHGSURMHFW6HFWLRQ
GLVFXVVHV WKH UHODWHGZRUNRQGHFLVLRQPDNLQJ DQG DOWHUQDWLYHV VHOHFWLRQ LQ*25()LQDOO\ ODVW VHFWLRQ FRQ
FOXGHVWKLVSDSHU
2. Literature Review 
2.1. GORE Review 
7KHLGHDRIJRDOVHPSKDVL]HVWKHXQGHUVWDQGLQJRIRUJDQL]DWLRQDOFRQWH[WIRUDQHZV\VWHP>@*RDOEDVHGUH
TXLUHPHQWVHQJLQHHULQJLVFRQFHUQHGZLWKWKHLGHQWLILFDWLRQRIKLJKOHYHOJRDOVWREHDFKLHYHGE\WKHV\VWHPHQ
YLVLRQHGWKHUHILQHPHQWRIVXFKJRDOVWKHRSHUDWLRQDOL]DWLRQRIJRDOVLQWRVHUYLFHVDQGFRQVWUDLQWVDQGWKHDV
VLJQPHQWRIUHVSRQVLELOLWLHVIRUWKHUHVXOWLQJUHTXLUHPHQWWRDJHQWVVXFKDVKXPDQGHYLFHVDQGSURJUDPV>@
5HTXLUHPHQWVHQJLQHHULQJPXVWDGGUHVVWKHFRQWH[WXDOJRDOVIXQFWLRQDOLWLHVWRDFKLHYHWKHVHJRDOVDQGFRQ
VWUDLQWVUHVWULFWLQJKRZWKHVHIXQFWLRQVDUHWREHGHVLJQHGDQGLPSOHPHQWHG>@7KHVHJRDOVIXQFWLRQVDQGFRQ
VWUDLQWVKDYHWREHPDSSHGWRSUHFLVHVSHFLILFDWLRQVRIVRIWZDUHEHKDYLRXUV>@)URPWKHWKUHTXLUHPHQWHQ
JLQHHULQJFRQIHUHQFH WKHQRWLRQRIJRDOKDVEHHQH[SOLFLWO\VWDWHGLQUHTXLUHPHQWVHQJLQHHULQJ³5HTXLUHPHQWV
(QJLQHHULQJ5(LVWKHEUDQFKRIV\VWHPVHQJLQHHULQJFRQFHUQHGZLWKWKHµUHDOZRUOGJRDOV¶IRUIXQFWLRQVRI
DQGFRQVWUDLQWVRQVRIWZDUHLQWHQVLYHV\VWHPV,WLVDOVRFRQFHUQHGZLWKKRZWKHVHIDFWRUVDUHWDNHQLQWRDFFRXQW
GXULQJWKHLPSOHPHQWDWLRQDQGPDLQWHQDQFHRIWKHV\VWHPIURPVRIWZDUHVSHFLILFDWLRQVDQGDUFKLWHFWXUHVXSWR
ILQDOWHVWFDVHV´
*25(FRQFHUQVDUHFODVVLILHGLQWRWZRPDMRUFDWHJRULHVLHJRDODQDO\VLVDQGJRDOHYROXWLRQ*RDODQDO\VLVLV
WKHSURFHVVRIH[SORULQJJDWKHUHGGRFXPHQWVUDQJLQJIURPLQIRUPDWLRQDERXWWKHRUJDQL]DWLRQLHHQWHUSULVH
JRDOVWRV\VWHPVSHFLILFLQIRUPDWLRQLHUHTXLUHPHQWIRUWKHSXUSRVHRILGHQWLI\LQJRUJDQL]LQJDQGFODVVLI\
LQJJRDOV>@*RDOHYROXWLRQFRQFHUQVKRZWKHJRDOVDUHFKDQJHGIURPZKHQWKH\ZHUHLGHQWLILHGWRZKHQWKH\
DUHRSHUDWLRQDOL]HG*RDOHYROXWLRQSURFHVVLVIXUWKHUUHILQHGLQWRJRDOUHILQHPHQWDQGJRDOHODERUDWLRQ%HFDXVH
VWDNHKROGHUVFKDQJHWKHLUPLQGVDQGJRDOVKDYHWREHRSHUDWLRQDOL]HGLQWRUHTXLUHPHQWVWKHJRDOVDQGWKHLUSULRU
LWLHVDUHOLNHO\WRFKDQJH%DVHGRQJRDOUHILQHPHQWDQGJRDOHODERUDWLRQZHVHOHFWWKHFULWHULDZKLFKDUHXVHGIRU
DOWHUQDWLYHVHOHFWLRQ
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2.2. Fuzzy Numbers 
)X]]\QXPEHUVKDYHEHHQZLGHO\XVHG LQHQJLQHHULQJGLVFLSOLQHVEHFDXVHRI WKHLU VXLWDELOLW\ WR UHSUHVHQW LP
SUHFLVHDQGYDJXH LQIRUPDWLRQ)X]]\QXPEHUVGHSLFW WKHSK\VLFDOZRUOGPRUHUHDOLVWLFDOO\ WKDQVLQJOHYDOXHG
QXPEHUV$PRQJ WKH IX]]\QXPEHU7ULDQJXODU)X]]\1XPEHU 7)1 LVFDSDEOHRIDJJUHJDWLQJ WKHVXEMHFWLYH
RSLQLRQV>@
$WULDQJXODUIX]]\QXPEHU7)1LVGHVFULEHGE\DWULSOHW/0+ZKHUH0LVWKHPRGDOYDOXH/DQG+DUH
WKH OHIW PLQLPXPYDOXHDQGULJKW PD[LPXPYDOXHERXQGDU\ UHVSHFWLYHO\:HXVH7)1 WR UHSUHVHQW VWDNH
KROGHURSLQLRQVIRUFULWHULDZKLFKDUHHVWDEOLVKHGWKURXJKJRDOPRGHOV
2.3. TOPSIS Review 
7KH7HFKQLTXH IRU2UGHU RI 3UHIHUHQFH E\ 6LPLODULW\ WR ,GHDO 6ROXWLRQ 7236,6 LV DPXOWL FULWHULD GHFLVLRQ
DQDO\VLVPHWKRG,W LVXVHGWRFRPSDUHDVHWRIDOWHUQDWLYHVEDVHGRQZHLJKWHGVFRUHVRIHDFKFULWHULRQ,QWKLV
PHWKRGWZRDOWHUQDWLYHVDUHK\SRWKHVL]HGSRVLWLYHLGHDODOWHUQDWLYHDQGQHJDWLYHLGHDODOWHUQDWLYHDQGWKHQEHVW
DOWHUQDWLYHLVVHOHFWHGZKLFKLVFORVHWRWKHSRVLWLYHLGHDOVROXWLRQDQGIDUWKHVWIURPQHJDWLYHLGHDODOWHUQDWLYH>@
7236,6FRQVLVWRIIROORZLQJVWHSV>@  
&RQVWUXFWLQJDGHFLVLRQPDWUL[ 
1RUPDOL]LQJWKHGHFLVLRQPDWUL[ 
)LQGLQJWKHSRVLWLYHLGHDODQGQHJDWLYHLGHDODOWHUQDWLYHV 
&DOFXODWLQJWKHVHSDUDWLRQPHDVXUHVIRUHDFKDOWHUQDWLYH 
&DOFXODWLQJWKHUHODWLYHFORVHQHVVWRWKHLGHDODOWHUQDWLYH 
3. The Proposed Method 
)LUVW RI DOOZHKDYH WR H[SORUHGLIIHUHQW DOWHUQDWLYHVGXULQJ*25(DQG IRU WKLVZHXVHJRDOPRGHOVREWDLQHG
GXULQJ*25($1'25GLDJUDPVZKLFKDUHWKHHVVHQWLDORXWSXWDUWHIDFWRIWKHVHJRDOPRGHOVDUHXVHGLQWKH
H[SORUDWLRQSKDVHRIDOWHUQDWLYHV2QFHZHIRXQGGLIIHUHQWDOWHUQDWLYHVZHQHHGWRHYDOXDWHWKHVHDOWHUQDWLYHVWR
VHOHFWWKHEHVWRQH7KHDOWHUQDWLYHVDUHFRPSDUHGEDVHGRQWKHZHLJKWHGFULWHULD7KHFULWHULDDUHZHLJKWHGXVLQJ
IX]]\QXPEHUVDQGVWDNHKROGHUVRSLQLRQVDUHWDNHQDVLQSXWDQGWKHQFRQYHUWHGWRIX]]\QXPEHUV%\XVLQJWKH
IX]]\QXPEHUVZHFDQFRQYHUW WKHTXDOLWDWLYHLQIRUPDWLRQRIVWDNHKROGHUV LQWRTXDQWLWDWLYHRQH7KHSURSRVHG
PHWKRGRORJ\FRQVLVWRIIROORZLQJVWHSVDQGLVVKRZQLQ)LJXUH


)LJXUH3URSRVHGPHWKRGRORJ\                                                                       
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(VWDEOLVKLQJKLJKOHYHOJRDOV 
(VWDEOLVKLQJWKHFULWHULDEDVHGRQOHDIOHYHOJRDOVGLUHFWO\DVVLJQDEOHWRDJHQWVKXPDQVRUV\VWHPDJHQWV 
,GHQWLI\UHOHYDQWVWDNHKROGHUVDQGWDNHWKHLURSLQLRQVIRUDERYHHVWDEOLVKHGFULWHULDDVLQSXWV 
&DOFXODWHUHODWLYHLPSRUWDQFHRIHDFKFULWHULRQE\DSSO\LQJ7)1DQGGHIX]]LILFDWLRQSURFHVV 
1RUPDOL]HWKHVFRUHV 
,GHQWLI\LQJWKHDOWHUQDWLYHV 
(YDOXDWHDOWHUQDWLYHVXVLQJ7236,6EDVHGRQVFRUHVRIHDFKFULWHULD 
5DQNDOWHUQDWLYHV
4. Case Study 
7KH³F\FOHFRPSXWHU´V\VWHPLVXVHGDVFDVHVWXG\IRURXUZRUNZKLFKLVGHYHORSHGLQRXUUHVHDUFKJURXS7KLV
V\VWHPZLOOEHDWWDFKHGWRDELF\FOHZLOOSURFHVVGDWDIURPYDULRXVVHQVRUVDQGZLOOFRPPXQLFDWHZLWKDVWDQ
GDUG3&$F\FOLVWZLOOEHVXSSRUWHGZKLOHULGLQJWKHELNHIRUPDLQWHQDQFHLVVXHVIRUWRXUSUHSDUDWLRQVRUWR
HQKDQFHWKHVDIHW\XVLQJWKHELNHHJEHVLGHVWKHQRUPDOF\FOLQJDFWLYLWLHVRQHFRXOGXVHWKH³F\FOHFRPSXWHU´
DVDPHGLFDOGHYLFHZKLFKZLOOVXSSRUWSHRSOHKDYLQJRIKHDOWKSUREOHPV,WFDQEHXVHGIRUSURIHVVLRQDOF\FOLVW
RUMXVWIRUHQWHUWDLQPHQWSXUSRVHV2QHRIWKHUHVXOWVRIWKHUHTXLUHPHQWVHQJLQHHULQJSKDVHLVDJRDOPRGHO>@ 
6WHS(VWDEOLVKLQJ+LJKOHYHO*RDOV7KRXJKWKHUHDUHPDQ\JRDOVUHODWHGWR³F\FOHFRPSXWHU´EXWIRUVSDFH
DQGVLPSOLFLW\FRQVLGHUDWLRQVZHWDNHIROORZLQJLGHQWLILHGJRDOVIRUKLJKOHYHO³F\FOHFRPSXWHU´JRDO 
$FKLHYH>(QWHUWDLQPHQW6HUYLFH6DWLVILHG@$FKLHYH>&RPSLWLRQ6HUYLFH6DWLVILHG@ 
$FKLHYH>7UDLQLQJ6HUYLFH6DWLVILHG@$FKLHYH>7RXU0DQDJHPHQW6HUYLFH6DWLVILHG@ 
6WHS5HILQH*RDOV WR/HDI/HYHOV HVWDEOLVK FULWHULRQ IRU HDFKJRDO 7KH DERYHPHQWLRQHGJRDOV DUH
UHILQHGXVLQJ*25(XQWLOWKH\DUHDVVLJQDEOHWRDJHQWVLHKXPDQDJHQWVRUVRIWZDUHDJHQWV7KHVHOHDIOHYHOV
JRDOVDUHXVHGDVFULWHULDIRUDOWHUQDWLYHVHOHFWLRQ4XDOLW\JRDOVZKLFKLQFOXGHQRQIXQFWLRQDOUHTXLUHPHQWVDQG
RIWHQ VHUYH VHOHFWLRQ FULWHULD DUH DOVR UHILQHG XVLQJ *25( 7KH JRDOV DORQJ ZLWK WKHLU VXEJRDOV DQG VKRUW
GHVFULSWLRQDUHSUHVHQWHGLQ7DEOH,WLVRQO\SDUWLDOGHVFULSWLRQRI³F\FOHFRPSXWHU´JRDOV 
6WHSD ,GHQWLI\LQJ6WDNHKROGHUV7KRXJK WKHUHDUHQXPEHURI VWDNHKROGHUV LQ ³F\FOHFRPSXWHU´EXW WKH
UHODYDQWVWNHKROGHUVIRURXUJRDOVGHVFULEHGLQ7DEOHDUHVKRZQLQ)LJXUH
0HGLFDO &\FOLVW 3HRSOH ZKR QHHG D GHILQHG WUDLQLQJH[HUFLVH GXH WR DQ\ GLVHDVH HJ D KHDUW GLVHDVH
0HGLFDOF\FOLVWFDQXVHSXOVHPHDVXUHPHQWEORRGSUHVVXUHFDORU\FRQVXPSWLRQE\³F\FOHFRPSXWHU´GHYLFH 
'RFWRUPHGLFDO7KHGRFWRUZLOOFRRSHUDWHZLWKDSDWLHQWWRVHWXSWKHFRUUHFWWUDLQLQJF\FOHV7KHF\FOHV
DUHGHSHQGDQWRQWKHSDWLHQWVFRQVWLWXWLRQ 
 7RXULQJ &\FOLVW 3HRSOH ZKR OLNH WR ULGH WKH ELF\FOH IRU ORQJ WULSV ! NP DQG WKH\ QHHG VSHFLILF
VHUYLFHVIRUWKHLUWRXUV7KHWULSVPLJKWWDNHPRUHWKDQRQHGD\ 


)LJXUH5HOHYDQWVWDNHKROGHUV                               
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7DEOH3DUWLDOJRDOVXEJRDOGHVFULSWLRQ                                                                    
*RDOV 6XEJRDOVWLOOOHDIOHYHOJRDOV 'HVFULSWLRQ
(QWHUWDLQPHQW 
6HUYLFH6DWLVILHG
0LF 7KHF\FOHFRPSXWHUVKRXOGVXSSRUW0LFVHUYLFH
'DWDVWRUDJH 7KHF\FOHFRPSXWHUVKRXOGVXSSRUWGDWDVWRUDJHIRUIXQVHUYLFHV
$XGLRVHUYLFH 7KHF\FOHFRPSXWHUVKRXOGUHFRUGDQGSOD\DXGLRGDWD
&RPSHWLWLRQ 
6HUYLFH6DWLVILHG
8VHUDFFRXQWV
y 7KHF\FOHFRPSXWHUVKRXOGKDYHDXVHUPDQDJHPHQWLH0DQ\F\FOLVWV 
VKRXOGEHDEOHWRXVHWKHVDPHSK\VLFDOGHYLFH
y 8VHUVSHFLILFGDWDQHHGVWREHSDVVZRUGSURWHFWHG
7UDQVIHUDEOHWRZHE 7UDFNGDWDVKRXOGEHWUDQVIHUUHGWRD:HESRUWDOWRHQDEOH RQOLQHFRPSHWLWLRQFRPSDULVRQ
2QOLQHPRGXV 7KHFRPSHWLWLRQPRGHVKRXOGEHXVHG³RQOLQH´ZKLOHULGLQJWKHELNH
2IIOLQHPRGXV 7KHFRPSHWLWLRQPRGHVKRXOGEHXVHGRIIOLQH
7UDLQLQJ 
6HUYLFH6DWLVILHG
,QLWLDOFKHFNXSV 7KHF\FOHFRPSXWHUVKRXOGRIIHUDQLQLWLDO FKHFNXSWRDVVHVVWKHGULYHUVFDSDELOLWLHV
7HFKQLFDO 
ULGLQJFDSDELOLWLHV
y )UDPHTXDOLW\OHYHOVKRXOGEHDQDO\]DEOHDQGYLVLEOHLHVKRZWKH
FRQGLWLRQRIWKHIUDPHLQWHUSUHWWKHIUDPHFRQGLWLRQE\DFRORXUHGLFRQ
y 7KHTXDOLW\OHYHOVKRXOGEHYLVXDOL]HGE\WKHWLPHXQWLOWKHIUDPHPLJKWEUHDN
y 7KHF\FOLVWVKRXOGVHHWKHFXUUHQWVSHHGRIWKHF\FOH
y 7KHF\FOLVWVKRXOGEHLQIRUPHGZKHQWKHRLOLQWKHVKRFNVVKRXOGEHFKDQJHG
)LWQHVVOHYHO y 7KHF\FOHFRPSXWHUVKRXOGDQDO\]HWKHF\FOLVWy 7KHF\FOLVWVKRXOGEHLQIRUPHGDERXWKLVKHDUWEHDW
&DORULHVFRQVXPSWLRQ 7KHFDORULHFRQVXPSWLRQVKRXOGEHVKRZQHJFXUUHQWFDORULHFRQVXPSWLRQ FDORULHFRQVXPSWLRQSHUWRXUWKHFDORULHFRQVXPSWLRQIRUDVSHFLILHGWLPHIUDPH
7RXU0DQDJHPHQW
6HUYLFH6DWLVILHG
5RXWHSODQQLQJ
y 7KHF\FOHFRPSXWHUVKRXOGRIIHUURXWHSODQQLQJ
y 7KHSODQQLQJVKRXOGEHGRQHEDVHGRQWRSRJUDSKLFPDSV
y 5RXWLQJVKRXOGFRQVLGHUWKHFXUUHQWZHDWKHUIRUHFDVW
:HDWKHULQIR y 7KHF\FOLVWVKRXOGVHHWKHFXUUHQWHQYLURQPHQWDOWHPSHUDWXUHy 7KHWHPSHUDWXUHRIWKHODVWGD\VVKRXOGEHDQDO\]DEOH
7RXUGHWDLOV
y 7KHF\FOHFRPSXWHUVKRXOGSURYLGHFRPSOHWHGHWDLOVRIWKHWRXUV
y 7KHF\FOLVWVKRXOGEHLQIRUPHGDERXWWKHFXUUHQWKHLJKWDERYHVHDOHYHO 
$FXPXODWLYHYDOXHVKRXOGEHVKRZQE\DVFHQGHGDQGGHVFHQGHGPHWHUV
1DYLJDWLRQ
7KHF\FOLVWVKRXOGEHDEOHWRQDYLJDWHWRDJLYHQORFDWLRQ 
7KHORFDWLRQFRXOGEHDSRLQWRILQWHUHVWHJDKRWHO
7KHF\FOLVWVKRXOGEHLQIRUPHGDERXWKLVJOREDOSRVLWLRQRQDPDS
7ULSVXJJHVWLRQV 7KHF\FOHFRPSXWHUVKRXOGRIIHUWULSWLSVIRUSURIHVVLRQDOVSRUWVF\FOLVWVHJ JHDUFKDQJHWLSVVSHHGWLSVEDVHGRQWKHNQRZQURXWH

7UDLQHUVSRUWV&UHDWHWUDLQLQJSODQVIROORZWUDLQLQJSODQVDQDO\VHWKHF\FOLVW 
6WHSE6WDNHKROGHUV2SLQLRQV$FFXPXODWLRQ:HWDNHWKUHHVWDNHKROGHUVSURIHVVLRQDOF\FOLVW6+IXQ
F\FOLVW 6+KHDOWKDQG ILWQHVVF\FOLVW 6+7KHVH VWDNHKROGHUV DUHDVNHG WRJLYH WKHLU MXGJHPHQWV DJDLQVW
HDFK FULWHULRQ LQ7DEOH  7KHLU MXGJHPHQWV DUH XVHG WR HOLFLW WKH LPSRUWDQFH GHJUHH RI HDFK FULWHULRQ 7R
HQKDQFHWKHXVHUIULHQGOLQHVVIRULQWHUDFWLQJZLWKVWDNHKROGHUVRUGLQDOVFDOHLVXVHG7KHVFDOHYDOXHVDUHVDPHDV
JLYHQ LQ >@ ,Q QH[W VWHS WKH RUGLQDO VFDOH YDOXHV DUH FRQYHUWHG WR DFWXDO QXPHULFDO QXPEHUV WR DSSO\ 7)1
7DEOHVKRZVWKHRUGLQDOVFDOHDQGWKHLUUHVSHFWLYHDFWXDOQXPHULFDOYDOXHVZKLOH7DEOHVKRZVVWDNHKROGHUV
RUGLQDOVFDOHDQGQXPHULFDOYDOXHVDJDLQVWFULWHULDLGHQWLILHGLQ7DEOH
6WHS D &DOFXODWH WKH 5HODWLYH ,PSRUWDQFH 8VLQJ 7)1 7KH GLIIHUHQW LPSRUWDQFH GHJUHHV RI HDFK
FULWHULRQDVVLJQHGE\VWDNHKROGHUVLVFDOFXODWHGXVLQJ7)17)1LVXVHGWRDJJUHJDWHWKHVXEMHFWLYHRSLQLRQVRID
VWDNHKROGHUXVLQJIX]]\VHW WKHRU\7KH7)1LVUHSUHVHQWHGE\WULSOHW/0+/EHLQJWKHVPDOOHVWYDOXH+
EHLQJWKHODUJHVWYDOXHDQG0UHSUHVHQWVWKHJHRPHWULFPHDQ 
 7)1  / 0 +                                         
6WHS E $SSO\ 'HIX]]LILFDWLRQ 3URFHVV RQ 7)1 $IWHU FDOFXODWLQJ 7)1 IRU HDFK FULWHULRQ ZH DSSO\ 
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7DEOH2UGLQDOVFDOHVDQGWKHLUQXPHULFDOYDOXHV                                                             
2UGLQDOVFDOH $FWXDOQXPEHUV
9HU\KLJKLPSRUWDQFH9+, 
+LJKLPSRUWDQFH+, 
/RZLPSRUWDQFH/, 
9HU\ORZLPSRUWDQFH9/, 
1RLPSRUWDQFH1, 

7DEOH6WDNHKROGHUMXGJHPHQWVDFFRUGLQJWRRUGLQDOVFDOHVDQGWKHLUQXPHULFDOYDOXHV                                 
*RDOV 6XEJRDOVWLOOOHDIOHYHOJRDOV
2UGLQDOVFDOH 1XPHULFDOYDOXHV
6+ 6+ 6+ 6+ 6+ 6+
(QWHUWDLQPHQW6HUYLFH6DWLVILHG
0LF + 9+ +   
'DWDVWRUDJH + 9+ +   
$XGLRVHUYLFH /, 9+ /,   
&RPSLWLRQ6HUYLH6DWLVLIHG
8VHUDFFRXQWV 9+ + +   
7UDQVIHUDEOHWRZHE 9+ + +   
2QOLQHPRGXV 9+ + +   
2IIOLQHPRGXV 9+ + +   
7UDLQLQJ6HUYLFH6DWLVILHG
,QLWLDOFKHFNXSV + + 9+   
7HFKQLFDOULGLQJFDSDELOLWLHV 9+ /, 9+   
)LWQHVVOHYHO + /, 9+   
&DORULHVFRQVXPSWLRQ + /, 9+   
7RXU0DQDJHPHQW6HUYLFH6DWLVILHG
5RXWHSODQQLQJ 9+ + /,   
:HDWKHULQIR + + +   
7RXUGHWDLOV + /, /,   
1DYLJDWLRQ 9+ + +   
7ULSVXJJHVWLRQV + 9/, +   

GHIX]]LILFDWLRQ SURFHVV 'HI]]XLILFDWLRQ SURFHVV LV XVHG WR FRQYHUW FDOFXODWHG 7)1 YDOXHV LQWR TXDQWLILDEOH
YDOXHV'HIX]]LILFDWLRSURFHVVLVUHSUHVHQWHGE\WKH(TXDWLRQZKLFKLVGHULYHGIURP>@ 
       L 5 L / L' [ I [ I [D D D                                  
ZKHUH 7)1L L[   UHSUHVHQWLQJ WULDQJXODU IX]]\ QXPEHU 7KH GHYHORSHU LV LQYROYHG LQ WKH SURFHVV E\ UHSUH
VHQWLQJKLVSUHIHUHQFH D  LQWKHDERYHHTXDWLRQUHSUHVHQWVWKHSUHIHUHQFHYDOXHRIGHYHORSHUDQGLW¶VYDOXHLV
LQWKHUDQJH>@:KHQ D   LWVKRZVWKHRSWLPLVWLFYLHZRIGHYHORSHUUHVXOWLQJLQWKH(TXDWLRQ 
    L 5 L' [ I [                                         
:KHQ D   LWVKRZVWKHSHVVLPLVWLFYLHZRIGHYHORSHUUHVXOWLQJLQWKH(TXDWLRQ 
    L / L' [ I [                                         
ZKHUH  / LI [  UHSUHVHQWV WKHOHIWHQGYDOXHRI7)1L LHSHVVLPLVWLFYDOXHZKLOH  5 LI [  UHSUHVHQWV WKHULJKW
HQGYDOXHRI7)1LLHRSWLPLVWLFYDOXHDQGDUHUHSUHVHQWHGE\WKH(TXDWLRQVDQGUHVSHFWLYHO\ 
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/ L L L LI [ / 0 / E                                      
(TXDWLRQUHSUHVHQWVOHIWHQGERXQGDU\YDOXH 
   5 L L L LI [ + 0 + E                                     
(TXDWLRQUHSUHVHQWVULJKWHQGERXQGDU\YDOXH
E  LQWKHDERYHHTXDWLRQVUHSUHVHQWVWKHULVNVWROHUDQFHIRUSDUWLFXODUFULWHULRQDQGLW¶VYDOXHLVLQWKHUDQJH
>@7RNHHSVWKLQJVVLPSOHZHKDYHFKRVHQYDOXHRISUHIHUHQFHDQGULVNDJDLQVWHDFK7)1FDOFXODWHG
,IZHWDNHRQO\SUHIHUHQFHYDOXHDQGLJQRUHWKHULVNWROHUDQFHGHIX]]LILFDWLRQYDOXHFDQEHFDOFXODWHGXVLQJ
WKH(TXDWLRQVRU 
        
 L L L L L
' [ 0 + / 0D D D                                
    
L L L L
' [ + 0 /D D D   ª º¬ ¼                                
6WHS1RUPDOL]LQJ9DOXHV2EWDLQHGE\'HIX]]LILFDWLRQ3URFHVV$IWHUGHIX]]LILFDWLRQSURFHVVWKHYDOXHV
DUHQRUPDOL]HGE\XVLQJWKH(TXDWLRQ 

P
L L L
L
1' ' '
 
 ¦                                       
ZKHUH³P´UHSUHVHQWVQXPEHURIFULWHULD
7DEOHUHSUHVHQWV7)1GHIX]]LILFDWLRQDQGILQDOQRUPDOL]HGGHIX]]LILFDWLRQYDOXHVWKDWJLYHWKHLPSRUWDQFH
RIGHJUHHVRIHDFKFULWHULRQ7KHGHIX]]LILFDWLRQQRUPDOL]HGYDOXHVJLYHWKHSULRULWL]HGOLVWRIFULWHULDZKLFKLV
XVHGLQ7236,6WRHYDOXDWHGDOWHUQDWLYHV
6WHS  &\FOHFRPSXWHU $OWHUQDWLYHV :H VHOHFWHG IRXU DOWHUQDWLYHV IRU HYDOXDWLRQ &0& &0
+$&3UR *HUPLQ (GJH  7KH SUHOLPLQDU\ DQDO\VLV UHVXOWV RI WKHVH VHOHFWHG DOWHUQDWLYHV DUH JLYHQ LQ
$SSHQGL[ 

7DEOH7)1'HIX]]LILFDWLRQDQGQRUPDOL]HGVFRUHV                                                          
&ULWHULD 7)1 'HIX]]LILFDWLRQ 1RUPDOL]HGVFRUHV
0LF   
'DWDVWRUDJH   
$XGLRVHUYLFH   
8VHUDFFRXQWV   
7UDQVIHUDEOHWRZHE   
2QOLQHPRGXV   
2IIOLQHPRGXV   
,QLWLDOFKHFNXSV   
7HFKQLFDOULGLQJFDSDELOLWLHV   
)LWQHVVOHYHO   
&DORULHVFRQVXPSWLRQ   
5RXWHSODQQLQJ   
:HDWKHULQIR   
7RXUGHWDLOV   
1DYLJDWLRQ   
7ULSVXJJHVWLRQV   
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6WHS(YDOXDWH$OWHUQDWLYHV8VLQJ7236,6 
6WHS D&RQVWUXFWLQJ'HFLVLRQ0DWUL[ )RU ³P´ QXPEHU RI DOWHUQDWLYHV DQG ³Q´ QXPEHU RI FULWHULDZH
FRQVWUXFWDPQPDWUL[9DOXHVLQWKHPDWUL[DUHHQWHUHGDFFRUGLQJWR7DEOH)RUIRXUDOWHUQDWLYHVZHUDQ
GRPO\VHOHFWHGIRXUFULWHULDDORQJZLWKWKHLUVFRUHVIURP7DEOHDQGDGHFLVLRQPDWUL[LVFRQVWUXFWHG
6WHS E1RUPDOL]LQJ'HFLVLRQ0DWUL[ DQG&RQVWUXFWLQJ:HLJKWHG1RUPDOL]H'HFLVLRQ0DWUL[ 7KH
GHFLVLRQPDWUL[LVQRUPDOL]HGDFFRUGLQJWR(TXDWLRQ 
 IRU     LM LM LM
L
U [ [ L P M Q§ ·   ¨ ¸© ¹
¦ " "                          
DQGWKHQPXOWLSOLHGZLWKHDFKFULWHULRQVFRUHWRJHW WKHZHLJKWHGQRUPDOL]HGGHFLVLRQPDWUL[)LJXUHVKRZV
WKHUHVXOWDQWPDWULFHV
6WHSF'HWHUPLQHWKH3RVLWLYH,GHDODQG1HJDWLYH,GHDO$OWHUQDWLYHV3RVLWLYHLGHDODQGQHJDWLYHLGHDO
DOWHUQDWLYHVDUHGHWHUPLQHGXVLQJWKH(TXDWLRQVDQGUHVSHFWLYHO\ 
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QHJDWLYHLGHDODOWHUQDWLYH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
6WHSG&DOFXODWLQJWKH6HSDUDWLRQ0HDVXUHV VHSDUDWLRQPHDVXUHVIRUERWKSRVLWLYHDQGQHJDWLYH LGHDO
DOWHUQDWLYHVDUHPHDVXUHGXVLQJ(TXDWLRQVDQG 
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)LJXUH VKRZVUHVXOWV IRUVHSDUDWLRQPHDVXUHIRUSRVLWLYH LGHDODOWHUQDWLYHDQG)LJXUH VKRZVUHVXOWV IRU
QHJDWLYHLGHDODOWHUQDWLYH  


   D                        E                           F
)LJXUH'HFLVLRQPDWULFHV DGHFLVLRQPDWUL[ EQRUPDOL]HGGHFLVLRQPDWUL[ FZHLJKWHG
QRUPDOL]HGGHFLVLRQPDWUL[                                                          

 
)LJXUH6HSDUDWLRQPHDVXUHIRUSRVLWLYHLGHDODOWHUQDWLYH                                

7DEOH$OWHUQDWLYHIXOILOOLQJFULWHULDVFRUHV                                                                   
$OWHUQDWLYHIXOILOOLQJFULWHULRQ 
$OWHUQDWLYHSDUWLDOO\IXOILOOLQJFULWHULRQ 
$OWHUQDWLYHPLQLPDOO\IXOILOOLQJFULWHULRQ 
$OWHUQDWLYHQRWIXOILOOLQJFULWHULRQ 
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)LJXUH6HSDUDWLRQPHDVXUHIRUQHJDWLYHLGHDODOWHUQDWLYH           

6WHSH&DOFXODWLQJ&ORVHQHVVWR,GHDO6ROXWLRQWKHUHODWLYHFORVHQHVVWRWKHLGHDOVROXWLRQLVFDOFXODWHG
XVLQJWKH(TXDWLRQ 
    L L L L L& 6 6 6 &c c                                    
6WHSI5DQNLQJDQG6HOHFWLQJ)LQDOO\WKHUDQNLQJLVGRQHDQGWKHDOWHUQDWLYHFORVHWWRLVVHOHFWHGDVWKH
EHVW DOWHUQDWLYH)LJXUHJLYHV UHVXOWV IRURXU VHOHFWHGDOWHUQDWLYHVDQGDOWHUQDWLYH$ LV VHOHFWHGDV DQ LGHDO
VROXWLRQ
5. Discussions 
$OWHUQDWLYHV VHOHFWLRQ LV RQJRLQJ UHVHDUFK LQ WKH DUHD RI*25(2Q WKH RWKHU KDQGPHWKRGV OLNH$+3 >@
7236,6>@)X]]\$+3)X]]\7236,6>@DQG9,.25DUHXVHGLQFODVVLFDO0XOWL&ULWHULD'HFLVLRQ0DNLQJ
0&'0SUREOHPV0XOWLFULWHULDGHFLVLRQPDNLQJ0&'0KDVEHHQZLGHO\XVHGLQVHOHFWLQJRUUDQNLQJGHFL
VLRQDOWHUQDWLYHVFKDUDFWHUL]HGE\PXOWLSOHDQGXVXDOO\FRQIOLFWLQJFULWHULD>@7KHDSSURDFKRIWKHVHPHWKRGV
LVXVHIXOIRUDOWHUQDWLYHVVHOHFWLRQDQGVWDNHKROGHUVLQYROYHPHQWLQ*25(
>@DOVRHPSKDVLVHVWKHLPSRUWDQFHRIGHFLVLRQVXSSRUWLQ*25(EXWLWGLIIHUVIURPRXUZRUNDVLWXVHV$QD
O\WLF+LHUDUFK\3URFHVV$+3IRUSULRULWL]DWLRQDQGLWGHDOVZLWKRQO\VRIWJRDOV$+3>@LQYROYHVSDLUZLVH
FRPSDULVRQ$OOSDLURIUHTXLUHPHQWVLVFRPSDUHGWRGHWHUPLQHWKHSULRULW\OHYHORIRQHUHTXLUHPHQWRYHUDQRWK
HUUHTXLUHPHQW5HTXLUHPHQWVDUHDUUDQJHGLQPDWUL[IRUPWKDWLVURZVDQGFROXPQV7KHQSULRULW\LVVSHFLILHG
WRHDFKSDLURI UHTXLUHPHQWVE\DVVLJQLQJDSUHIHUHQFHYDOXHEHWZHHQDQGZKHUHH[SUHVVHVHTXDOYDOXH
ZKLOH  LQGLFDWHV H[WUHPH YDOXH$IWHU WKDW $+3 FRQYHUWV WKHVH VFDOHV WR QXPHULFDO YDOXHV DQG D QXPHULFDO
SULRULW\LVGHULYHGIRUHDFKUHTXLUHPHQW$+3LVPRUHVXLWDEOHIRUVPDOOQXPEHURIVWDNHKROGHUVDQGLIDOWHUQD
WLYHVDUH LQFUHDVHG WR VHYHQDUHPRUH LWEHFRPHVGLIILFXOW WRKDQGOH WKHPZLWK$+3EHFDXVH LW LQYROYHVSDLU
ZLVHFRPSDULVRQ,QFRQWUDVWRXUPHWKRGLQYROYHVVWDNHKROGHUVRSLQLRQVDQGWDNHLQWRFRQVLGHUDWLRQERWKIXQF
WLRQDODQGQRQIXQFWLRQDOUHTXLUHPHQWV,QRXUPHWKRGLPSRUWDQFHRIFULWHULDLVHYDOXDWHGXVLQJIX]]\VHWFRQ
FHSWVZHLJKWIRUHDFKFULWHULRQLVFDOFXODWHGEDVHGRQVWDNHKROGHURSLQLRQV:KHQDQHZFULWHULRQLVDGGHGLWLV
HDV\WRH[WHQGZHGRQ¶WQHHGWRFKDQJHWKHSUHYLRXVFDOFXODWLRQVEHFDXVHQHZO\DGGHGFULWHULRQLVLQGHSHQGHQW
IURPRWKHUV7KHVHZHLJKWVDUHWKHQXVHGLQ7236,6DYRLGLQJWKHFXPEHUVRPHSDLUZLVHFRPSDULVRQVRI$+3
>@>@XVHTXDOLWDWLYHDSSURDFKHVIRUFKRRVLQJWKHEHVWDOWHUQDWLYH7KH\XVHWHPSRUDOORJLFDQGODEHOSURS
DJDWLRQDOJRULWKP2XUPHWKRGGLIIHUVIURPWKHPE\XVLQJTXDQWLWDWLYHDSSURDFKIRUHYDOXDWLQJWKHDOWHUQDWLYHV
>@ GHDOVZLWK SULRULWL]LQJ VRIWZDUH UHTXLUHPHQWV LW FRQVLGHUV SULRULWL]DWLRQ RI ERWK IXQFWLRQDO DQG QRQIXQF
WLRQDO UHTXLUHPHQWV DW VDPH OHYHO7KLVPHWKRGSURGXFHV WZR VHSDUDWH SULRULWL]HG OLVWV RI IXQFWLRQDO DQGQRQ
IXQFWLRQDO UHTXLUHPHQWV/LNHRXUDSSURDFK WKHLUZRUNDOVRXVHG WKHFRQFHSWV IURP>@EXW WKHLUZRUN LVRQO\
XVHGIRUSULRULWL]DWLRQRIIXQFWLRQDODQGQRQIXQFWLRQDOUHTXLUHPHQWZKLOHLQRXUZRUNWKHVFRUHVREWDLQHGDIWHU
SULRULWL]DWLRQDUHXVHGDVDQLQSXWWR7236,6PHWKRGIRUHYDOXDWLRQRIDOWHUQDWLYHV
:LHJHUV>@PHWKRGLVVHPLTXDWLWDWLYHPHWKRGZKLFKIRFXVHGRQFXVWRPHULQYROYHPHQW5HTXLUHPHQWVDUH
SULRULWL]HGEDVHGRQIRXUFULWHULDGHILQHGDVEHQHILWSHQDOW\FRVWDQGULVN7KHDWWULEXWHVFULWHULDDUHDVVHVVHG
RQDVFDOHIURPPLQLPXPWRPD[LPXP7KHFXVWRPHUGHWHUPLQHVWKHEHQHILWDQGSHQDOW\YDOXHVZKHUHDV
WKHGHYHORSHUVSURYLGHWKHFRVWDQGULVNYDOXHVDVVRFLDWHGZLWKHDFKUHTXLUHPHQW7KHQE\XVLQJDIRUPXODWKH
UHODWLYHLPSRUWDQFHYDOXHRIHDFKUHTXLUHPHQWLVFDOFXODWHGE\GLYLGLQJWKHYDOXHRIDUHTXLUHPHQWE\WKHVXPRI
WKHFRVWVDQGWHFKQLFDOULVNVDVVRFLDWHGZLWKLWVLPSOHPHQWDWLRQ
$*25$>@LVDQRWKHUTXDQWLWDWLYHDSSURDFKIRUDOWHUQDWLYHVH[WHQGLQJWKHJRDORULHQWHGUHTXLUHPHQWVDQDO\
VLVEXWWKHIRFXVRI$*25$LVRQUHTXLUHPHQWVHOLFLWDWLRQ7KHPHWKRGIRFXVHVRQDOWHUQDWLYHDPRQJVXEJRDOV
WKDW LV VHOHFWLRQ RI VXEJRDO DPRQJ PDQ\ VXEJRDOV RI VDPH SDUHQW )XUWKHUPRUH $*25$ DWWDFKHV D PDWUL[
FDOOHG SUHIHUHQFHPDWUL[ WR QRGHV RI JRDO JUDSK ,W LV VXLWDEOH LI QXPEHU RI VWDNHKROGHUV LV VPDOO LQ QXPEHU 
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
)LJXUH5HODWLYHFORVHQHVVWRLGHDOVROXWLRQ

:KHQVWDNHKROGHUVDUHPRUHSOXVIRXUDQGKDYHWRVHOHFWDPRQJPDQ\DOWHUQDWLYHVWKLVPHWKRGEHFRPHVGLI
ILFXOWWRKDQGOHDQGJRDOJUDSKEHFRPHVFXPEHUVRPH
:HXVHGWKH)X]]\VHWFRQFHSWVWRHYDOXDWHWKHLPSRUWDQFHRIFULWHULDIRUHDFKJRDO:HLJKWIRUHDFKFULWHULRQ
LVFDOFXODWHGEDVHGRQVWDNHKROGHURSLQLRQV7KHVHZHLJKWVGLVSOD\VWDNHKROGHUSULRULWLHV IRUDOO UHTXLUHPHQWV
7KHLQWHUDFWLRQRIVWDNHKROGHUVDWHDUO\SKDVHRIUHTXLUHPHQWVHQJLQHHULQJKHOSVWRFDSWXUHWKHUDWLRQDOE\GRFX
PHQWLQJWKHSUHIHUHQFHVIRUWKHGHFLVLRQVDQGWRLGHQWLI\LQFRQVLVWHQFLHVDWWKHHDUO\SKDVHRIUHTXLUHPHQWVHQ
JLQHHULQJ7KHPHWKRGJLYHVDV\VWHPDWLFVWUXFWXUHWRFDOFXODWHWKHIX]]\ZHLJKWRIHDFKFULWHULRQ7KHVXEMHFW
WLYHZHLJKWVDVVLJQHGE\VWDNHKROGHUVDUHQRUPDOL]HGLQWRDFRPSDUDEOHVFDOH7KHSHUIRUPDQFHPHDVXUHVRIDOO
DOWHUQDWLYHVRQFULWHULDDUHYLVXDOL]HGXVLQJ7236,6ZKLFKDFFRXQWVIRUERWKWKHEHVWDQGZRUVWDOWHUQDWLYHVVL
PXOWDQHRXVO\
6. Conclusions 
,Q WKLVSDSHUDQDSSURDFK LVSUHVHQWHG WRXVH WKHJRDOPRGHORIJRDORULHQWHGUHTXLUHPHQWVHQJLQHHULQJ WRHV
WDEOLVKWKHDFFHSWDQFHFULWHULD$IWHU WKDWZHDSSO\WKH7)1DQGGHIX]]LILFDWLRQSURFHVV WRJHWVFRUHVIRUHDFK
FULWHULRQ,QWKHILQDOVWHS7236,6PHWKRGLVXVHGWRHYDOXDWHWKHDOWHUQDWLYHVDQGIRUVHOHFWLRQRIWKHEHVWDOWHU
QDWLYHV7236,6PHWKRGXVHVWKHVFRUHREWDLQHGE\7)1DQGGHIX]]LILFDWLRQSURFHVV7KHSURSRVHGPHWKRGRO
RJ\FDQEHXVHGDJDLQVWERWKWKHIXQFWLRQDODQGQRQIXQFWLRQDOUHTXLUHPHQWV
7KHPHWKRGRORJ\LVH[SODLQHGE\³F\FOHFRPSXWHU´FDVHVWXG\ZKHUHZHHVWDEOLVKDFFHSWDQFHFULWHULDDQG
VWDNHKROGHUVRSLQLRQVDUHFROOHFWHGIRUWKHVHFULWHULD$IWHUFDOFXODWLQJWKHVFRUHRIHDFKFULWHULRQZHWDNHIRXU
FULWHULDIRUVSDFHFRQVLGHUDWLRQVDQGEDVHGRQWKHVHHYDOXDWHGIRXUDOWHUQDWLYHV7KLVDSSURDFKLVSURPLVLQJ
IRU UDQNLQJ WKH FULWHULD DQGXVLQJ WKLV UDQNLQJ IRU DOWHUQDWLYH VHOHFWLRQEHFDXVHZH WDNH WKH VWDNHKROGHUV RSL
QLRQVDQGPRVWLPSRUWDQWO\GHYHORSHUV¶FRQVLGHUDWLRQVIRUSUHIHUHQFHDQGULVNWROHUDQFHLQWRDFFRXQW7KHIRU
PDOL]DWLRQRIWKHDSSURDFKLWVIXOOLQWHJUDWLRQLQWRJRDORULHQWHGUHTXLUHPHQWVHQJLQHHULQJDQGWKHYDOLGDWLRQE\
DGGLWLRQDOH[DPSOHVDUHIXWXUHUHVHDUFKWRSLFV
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QDWLRQDO-RXUQDORI&RPSXWHU$SSOLFDWLRQV
>@ &DVWUR-.ROS0DQG0\ORSRXORV-7RZDUGV5HTXLUHPHQWV'ULYHQ,QIRUPDWLRQ6\VWHPV(QJLQHHULQJ7KH
7URSRV3URMHFW,QIRUPDWLRQ6\VWHPVKWWSG[GRLRUJ6 
>@ :LHJHUV.)LUVW7KLQJV)LUVW3ULRULWL]LQJ5HTXLUHPHQWV6RIWZDUH'HYHORSPHQW2QOLQH
>@ .DL\D++RUDL + DQG 6DHNL0 $JRUD$WWULEXWHG*RDO2ULHQWHG5HTXLUHPHQWV$QDO\VLV0HWKRG ,(((
-RLQW,QWHUQDWLRQDO&RQIHUHQFHRQ5HTXLUHPHQWV(QJLQHHULQJ(VVHQ
KWWSG[GRLRUJLFUH
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7DEOH&RPSDULVRQRIF\FOHFRPSXWHUV                                                                     
)HDWXUH &0& &0 +$&3UR *HUPLQ(GJH
3ULFH>¼@    
6SHHG>0LOHV@ \HV \HV \HV \HV
6SHHG>.0@ \HV \HV \HV \HV
6SHHGGLJLWV>[[[@    
6SHHGGLJLWV>[[[@    
$YHUDJHVSHHG   \HV \HV
:LUHOHVV6SHHG6HQVRU QR QR \HV QD
'D\WLPH$030 \HV \HV \HV \HV
'D\WLPHK \HV \HV \HV \HV
'DWHGD\PRQWK\HDU QR QR \HV \HV
$ODUPFORFN   \HV 
6WRSZDWFK   \HV 
7LUH6L]H \HV \HV \HV \HV
7LUH6L]H \HV QR \HV \HV
6XPXS7LUHDQG7LUH \HV QR \HV 
7LUH6L]HGLJLWV    
7LUH6L]HPLQ>PP@    
7LUH6L]HPD[>PP@    
2YHUDOOGLVWDQFH    
2YHUDOOGLVWDQFHGLJLWV>[[[@    
2YHUDOOGLVWDQFHGLJLWV>[[[@    
2YHUDOOULGLQJWLPH   \HV 
6HWRYHUDOOGLVWDQFH QR QR \HV 6HWRYHUDOOGLVWDQFH
'DLO\GLVWDQFH \HV \HV \HV 'DLO\GLVWDQFH
'DLO\GLVWDQFHGLJLWV>[[[@    'DLO\GLVWDQFHGLJLWV>[[[@
'DLO\GLVWDQFHGLJLWV>[[[@    'DLO\GLVWDQFHGLJLWV>[[[@
'DLO\GLVWDQFHUHVHWDIWHU>K@    'DLO\GLVWDQFHUHVHWDIWHU>K@
'DLO\ULGLQJWLPH QR QR \HV 'DLO\ULGLQJWLPH
'LVWDQFHGLJLWV    'LVWDQFHGLJLWV
'LVWDQFH>0LOHV@ \HV \HV \HV 'LVWDQFH>0LOHV@
'LVWDQFH>.0@ \HV \HV \HV 'LVWDQFH>.0@
'LVWDQFHEDFNXSEDWWHU\FKDQJH \HV QR QR 'LVWEDFNXSEDWWHU\FKDQJH
0D[EDWWHU\&KDQJHWLPH>VHF@    0D[EDWWHU\&KDQJHWLPH>VHF@
/RZEDWWHU\ZDUQLQJ QR QR \HV /RZEDWWHU\ZDUQLQJ
%DWWHU\OLIH>PRQWKV@    
3HGDO)UHTXHQF\ \HV QR \HV 
A. Mansoor et al. 

 358 
&RQWLQXHG
0D[3HGDO)UHTXHQF\ QR QR \HV 
0LQ3HGDO)UHTXHQF\ QR QR \HV 
$XWR7XUQRIIDIWHU>VHF@    
$XWR7XUQRQRQWLUHWXUQ \HV \HV \HV 
+HDUWEHDW6HQVRU QR QR \HV 
1RRI%XWWRQV    
+HLJKW6HQVRU QR QR \HV 
+HLJKWPLQ>P@   í 
+HLJKWPD[>P@    
+HLJKWLQP   \HV 
+HLJKWLQIHHW   \HV 
'DLO\KHLJKW   \HV 
'DLO\DVFHQG   \HV 
'DLO\GHVFHQG   \HV 
6HWRYHUDOOKHLJKW   \HV 
6KRZJUDGLHQWXSGRZQ   \HV 
6HW*UDGLHQWPLQ    
6HW*UDGLHQWPD[    
6KRZDYHUDJHJUDGLHQW   \HV 
6KRZPD[JUDGLHQW   \HV 
6KRZPLQJUDGLHQW   \HV 
9DURPHWHU«    
&XUUHQWDVFHQGYDOXH   \HV 
&XUUHQWGHVFHQGYDOXH   \HV 
0D[DVFHQG   \HV 
0D[GHVFHQG   \HV 
$YHUDJHDVFHQG   \HV 
$YHUDJHGHVFHQG   \HV 
1RRIDVFHQGV   \HV 
1RRIGHVFHQGV   \HV 
*36 QR QR QR \HV
$XWR/DS QR QR QR \HV
9LUWXDOSDUWQHU QR QR QR \HV
7HPS6HQVRU   \HV 
7HPS&HOVLXV   \HV 
7HPS)DKUHQKHLW   \HV 
0D[7HPS   \HV 
0LQ7HPS   \HV 
3&&RQQHFWLRQ QR QR \HV 
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&RQWLQXHG
3&$QDO\VLV6: QR QR \HV 
)LWQHVV«    
6H[ QR QR \HV 
%RG\ZHLJKW QR QR \HV 
&RPSOHWHZHLJKW QR QR \HV 
$JH QR QR \HV 
6HWKHDUWEHDWPLQOHYHO QR QR \HV 
6HWKHDUWEHDWPD[OHYHO QR QR \HV 
6HWKHDUWEHDWPLQOHYHO QR QR \HV 
6HWKHDUWEHDWPD[OHYHO QR QR \HV 
5LGHE\KHDUWEHDW]RQH QR QR \HV 
+HDUWEHDWDODUPRXWVLGH]RQH QR QR \HV 
&KHFNFRROGRZQKHDUWEHDW QR QR \HV 
7LPHLQULGLQJ]RQH QR QR \HV 
7LPHDERYHULGLQJ]RQH QR QR \HV 
7LPHEHORZULGLQJ]RQH QR QR \HV 
)LWQHVVOHYHO QR QR \HV 
&XUUHQWFDORULHFRQVXPSWLRQ QR QR \HV 
2YHUDOOFDORULHFRQVXPSWLRQ QR QR \HV 
&XUUHQWSHUIRUPDQFHLQ:DWWV QR QR \HV 
$YHUDJHSHUIRUPDQFH QR QR \HV 
0D[SHUIRUPDQFH QR QR \HV 
&RPSDUHWUDLQLQJVHVVLRQV QR QR \HV 
&RXQWGRZQWLPHU QR QR \HV 
&RXQWGRZQWLPHUPD[>PLQVHF@ QR QR  
&RXQWGRZQWLPHU QR QR \HV 
&RXQWGRZQWLPHUPD[>PLQVHF@ QR QR  
)LUPZDUHXSJUDGHDEOH QR QR \HV 
6OHHSPRGH QR QR \HV 
6NLPRGHXVHGHYLFHIRUVNLLQJ QR QR \HV 
%DFNOLJKW QR QR \HV 
'LVSOD\VL]H    îOHYHOJUD\VFDOH
:DWHUSURRI>P@    
2SHUDWLRQWHPSPLQ>Û&@   í 
2SHUDWLRQWHPSPD[>Û&@    
$OJRULWKPV«    
&DOFXODWHKHDUWEHDW]RQHE\ 
6H[DJHILWQHVVOHYHO   \HV 
0HDVXUH5XKHSXOV³   \HV 
